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PROCYON HIGH EXPLOSIVE PULSED POWER EXPERIMENTS

J. H. Goforth, H. Oona, B. Q, Anderson, W. E, Andorson, W, L. Atohison, E, Bartram, J. F. Denago, R.
L. Bowors, J. H. Brownel, C. E. Findiey, C. M. Fowler, O. F. Garia, D, H. Hemera, T. J. MHerera, G,
Kizorak, J. C. King, I, R. Lindemuth, Huan Lee, E. A. Lopoz, 8. P. Marsh, E. C. Martinaz, W. Matuska,
M. C. Thompson, D, L. Peterson, R. E. Reinovsky, M, Rioh, J. 8. Shiachtar, J. L. Stokes, L. J. Tabaka,
D. T. Torres, M. L. Yapuncich, W, D. Zerwokh. Las Alamos National Laboratory; N. I'. Rodorick,
University of Naw Moxico; P. J. Turchi, Ohio State Univorsity

Univoranty ot California, Los Alamos National Laboratory, Los Alamas, NM, USA

intreduction

Procyon is a two-stage axplosive pulsed-power aysiem, consigting of a MK-X halical ganerator' and an
axplosivaly tormad tuae’ (EFF) opaning switch. A completo assembly including load and diagnoatica is shown
1 Q. 1. Tho sysiem was ofiginally devo:opod for tho purposo of poworing plasma z2-pinch exparimants and, in
#e original concapl, was couplad to the plaama 2 pinch load through a third pylsed powar alnga, a phama flow
awitch (I'FS). Wa have parformod plasma z-pinch axparimania both with and without a PF8, and wo havo now
conduolad our tirst hoavy inor oxporimont, In this papor, wo will aumimavize the results oblatned to date with
tha systom, and briotly disouss juture apphications,

PES Tests

Our origiinaf design goala lor | 'rooyon wore diivan by tho baliet that to obtain tho radiation tamperaitira
dasirod, a sub-microsacond plasma implosion would ba requirod. From previous exparimonis®, wa know that
wo could make an CI'T" that would satisty this necd, but transmission lina votagas AppoAmed OXCesAIve, and our
bataline deaign Included a alower opaning ETT along with a plasma flow swilch for an Intermediate stage
oponing awitch botween tho CIF" and the implosion, Savaral tasts wora performad in this configuration, and
wn achleved significant 10aulls on two ol thase. We reporied the reaults of ous inliiat atatic load tast in the 1000
ICLEC Pulsed Powar Conlaranca Proceadings®. Cusronts measured on oir most auncensiud 7-pinch lond test
am givon In Fig. 2. On this toat wa dallvetad 15 MA from tha storage Inductor to tha PRS, and tha pinch
occurred at ovir 14 MA. Tha PFS did not employ a conventional 147 gun plasma masa distribution, but variad
An 1/r, causing the awilch to open whila plaama was atil in the barrel, as in Fig 3a. Only minkmal rdiation was
datoctad by axiarnal diagnoatics, Pacausn of the mass of P8 plaama that tiliad Iha delector viewing port al
the criticil timo, an shown In Fig. 3b. From an anaigy anaiyals uaing the curronia shown, wa conclude that
«1M.l waa dissipatad on a time scale of intarast lor radiation *, Nasad on axparience trom othor axperimunta, wa
hehiave that wn oould hava goncratad as much as 760 KJ of uselul rudiation, Lxpatimenta using thn rudiation
pulnn would ba tocated in a postion not aftaated by the PFY plasma, and the ooacludoed rachntion probably doae
nol posa a aigiiticant prablam,

Dirast Orive Experiments

We totuluctad thitee Proayoh 0xpanmonts in which wo swiehod curront (0 a plash imploaion oty
with tn volinie produccd by the ki k., Ench of Ihoose tocie produced usctul mdation, wiId our hont radiation
utltn wote wblmnnd i way, Un our highost lluonco toet, wo disnipatod & MJ trom e circurt”, and
moaturad 1.6 MJ iaduation ot s oV, Curtotts ot thig teal ato shown i Fig, 4, ard the iy piiso shapo
rhetwnt e i b WD g Tull width at Dalt inaximum ol 200 18 wo iidol (v avaraye Bower 10 o iadiaton ol - o



Flyute 1 Prouyon asuembly ety b tost ot fiing pad The MK IX getwtaton b on tha ki fett, the
stotage aducton and oponing switch ame it cotial seclinn, and He itglocar and dugnosticn
cliatidyest ot digghol,
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Fgure 2, Gtoragoe inductor (A) and PH8 (D) curroms for tast with implogion load, Tho frst di 1n the PHY
currant io dua to the PEY owitohing and tha sooond is due to tha plasma 2:pinch.
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Figure 4. Storage inductor (A) and loac (I3) curranly tor tost producing 1 5 ML culintion Tiw dip o - 369
us ndicates pinch aceurnng.
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hall way aoross the 2-cm gap, starting at approximately hall the inktial piassma radius. The primary purpose for tho
oontour was 10 encourage a high-veloolty jet to be emitted axially from the pinch region. The jet was impacted
on & high-density target o produce radiation. A short-duration (~80ns), high-temporature (~80eV) radiation
phownmuwnd!mhumnmmhmmmwmmnn&noumw
instablities. Figure @ shows visble framing camera records from one tost with paraliol elactrodes to comparo
with the shaped electrode test. Although the instabiities shown for the paraiel olactrods test are among the
worst observed, the difference shown is dematic. A more thorough discussion of theso data am givon in
ancther paper in this conference’. We generally consider the instabiities harmiul, and tho madiation fiuonca
from the paraitel elactrode shot shown was about one half of that on our best shot. However, recont analysis of
the radiation produced by the highly unstable pinch indicatos that this may have baon the highast temperature,
~97 eV, of sny wa produced”, Athough we have uncovered a rich ground for furthar exploration, changing
programmatic goals preciude our pursuing them furthor, and wo presont those axploratory rasuits for olhers
who may have the oppontunity,

Solid Linor Tests

Tha emphasis in our work has now tumed to producing high pressure shock waves by impacting solid
donsity linars onto targota of intorost. Tha Procyon system aiso aliows us to parform such axparimonts at high
enorgy (and with high dl/ct). and wo have patformed onc proliminary solid tinar éxpariment. Bacauso the aohd
Hinor axparimonts do not produce large quantities of radiation during thalr implosion phase, the radiation baltlos
noodoed to protoct tho vacuum diclectne intarface on plasma implosion tosts are not noadad. This aows us to
implomont a lower Inductance load, as iustrated in Fig. 7. With the reducad inductance ot the load shown, we
oxpact to ba able to detiver atmost 20 MA to solid tiner londs®, Figure 8 shows the currants maasurod In e tirst
oxperiment. A partial fatiure during the apamtion of the MIK-IX gonerator rasultod In a stirargo inductor cureont
of only 19.1 MA (as opposad to tha 21-:22.5 MA that has baan & vory rollable vatuo lor this system) This, In
turn, lad to a load cucrent of only 18 MA. Tha linar choaan for this toat was 12 mg of alurnum, and tho roducod
currant prolita lad to a siowar implosion than axpacted. Sincn this was a preliminary axpenmoni, we had no
targut lor tha liner to impact, and diagnostics were Umitad. Howaver. as can ba saon trom tha wavetorm, the
knar achiovad signiticant implosion valoolty by ~380 us, and the Imploaion profidn in conalstam with tho
imposad wavelomm. Apart from veritying that our low inductance load coupling was satistaciory, possibty the
moat aignidicant result from the test was provided by the visible framing comam that viawad thn outsido of tha
tiner. By isalf, the record 15 confusing and diffioult to explain. The outside of tha iinor appears 1© biow matonal
oft the surface. Theore is 0 sirlated effect along tho mda of the cylinder, that could oorraiate with machining
impartactiona on the linar, although tho spacing of the striations doas not cameiata in any way with maghining
toloranco. in addition, thore ao apparently random affools that do not corralalo with any ohoervad
imparicctions. Wo hava recantly parformad an axparimant on tha Pagaaua faciity that alows us o have
incroasnd confidonco in this intorpretation. Tha sama phonomana am obhasrvad on thia test, although
roducad tn magnifude and with fewer random oftects. Furthor study s 1equired, but since dl/dt on the Prooyon
test in <10 MAJus , whils the dlidt on Pagasus s »1.h MA/S, wo may bn obsarving a imt on linor stiftaco
fiuntity that inust ba daall with an wa puroue higher currenta and rato ot delivory.

Future Tests

Htabiity of imptasing unoro playe a vory important rota in 1ho futuro succacs of aut ollarts, b gides W)
triva high-maes hinom to high implosion vokeeiios with reasonabto officioncy, high convergency rutvs it Le
achinved. Wo are outrontly conducting oxponments on the Pogasus capauitut bank, which hay a meinw ol 0 8
MG tn & currant ot 4:12 MA. Wa have aigo conducted a preliminary linar clobitity tost with the Procyon system {u
domonstrato that our low iNductance power fead wil function adequately for thiv knor lowty, Aftur gethoilig
sintiity Uata on Pogasun lor a paramator of interest, vut itantion fu t ubsLIve 1 oty petiiwitute ustiog e
Procyon system that oan give us highos £ and gval. In thae wiy, wo cars ettt very unefied miluination bt tew
VHEOUR DAt lnes vany as wo approaet invele ttiat we wil actuev on e Allus cptice Datik, Otwe ool ong
vatiinnt mvgchuations will o ta geg IF o i layet of votid muristad wil et sttty W m otfiewine tnettond Wi
Thon wiets oo pehipeaes tend lor oue st Pragyon Hoon fpst, Secn e cutgont cotaewed v b flase sednignabag,
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Figuie 6, Framing camera racords from (a) patatel elnctroda tost mwd (L) cotitouroa otootrado teol. A larga
Instabilily v aoon i (@) in tha triine betord pinch, while aik:h an lisintubly (8 not soan with tho conloured
oloctipuly,
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lner at the right time to observe its condition when R was mostly meltad. However, with dlagnostic
improvements that we are making basad on the axparience of our first test, and with Pagasus tests In additlon,
we are confident that we witl be able to achleve this goal on subsequent tests. QOther tests will follow as we
leam more of the parameters of interest. tn addition, we can begin developing dlagnostic capabiliity on Procyon
that will be important for Atlas experiments. We have made computer simulations of the kind of pressures that
can be achleved by driving liners Into targats of interest using the Procyon systom. Figure 9 shows two plols of
pressura proflies that can be achleved In a Procyon experiment. With a layer of Platinum on the Inner surfaco of
an aluminum Hner, pressures of -15 MB can be achiavad for short times, or pressures of ~5 MB can be
maintained tor considerably longer times. Using such liners, we can develop the abllity to diagnese the
pressures producad In such a way, and further to perform experiments In this environment.

Concluslons

We hava demonsirated That Procyon is a reliable system lor PI'3, plasma implesion or haavy linor
axpariments. Procyon develops 18 MJ magnetic energy, and performance pacamelers allow exparlments to b
conductad in the range where mulliple megajoules are delivered lo a load. Wa have recontly bean podoming
experiments in which a castable explosive is used wih obr axial detonation systam, which can save
conslderable exploslve expense on each shot, In preparation for higher energy tests, botlt witle lixed
machines and even larger explosive pulsed power davices, we hope to study liner physics lssues In future test
senes, ard parhaps commencae prellininary high-pressure physics tesls.
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